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57 ABSTRACT

A method for managing a packet in a system supporting
network coding includes receiving, from a relay, information
on a packet to which the network coding is applied, receiv-
ing, from the relay, the packet to which the network coding
is applied, confirming whether a packet required for an
operation of the UE can be acquired from the received
packet on the basis of information on the packet to which the
network coding is applied, and storing packets into different
buffers by distinguishing between the packet required for the
operation of the UE and a packet not required for the
operation of the UE. Other embodiments including an appa-
ratus for managing a packet are also disclosed.

16 Claims, 12 Drawing Sheets
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1
METHOD AND APPARATUS FOR
MANAGING PACKET IN SYSTEM
SUPPORTING NETWORK CODING

CROSS-REFERENCE TO RELATED
APPLICATION AND CLAIM OF PRIORITY

The present application is related to and claims the benefit
under 35 U.S.C. §119(a) of a Korean patent application No.
10-2013-0045453 filed in the Korean Intellectual Property
Office on Apr. 24, 2013, the entire disclosure of which is
hereby incorporated by reference.

TECHNICAL FIELD

The present disclosure relates to a system supporting
network coding. More particularly, the present disclosure
relates to a method and apparatus for managing a packet in
a User Equipment (UE).

BACKGROUND

A communication system using a relay is actively under
research to improve communication efficiency. For example,
a system for delivering a signal by using the relay is
researched and developed to solve a situation in which a
User Equipment (UE) cannot receive a service when located
outside a coverage area of a Base Station (BS) or when
located in a shadowing zone.

Conventionally, the relay performs a function of simply
storing data received from a source node in a network and
thereafter delivering the stored data to a destination node.
However, in order to effectively use a network resource and
to improve transmission efficiency, a network coding
scheme has recently been proposed in which a plurality of
pieces of data received from a plurality of source nodes are
encoded together and are transmitted to a plurality of
destination nodes. For example, as illustrated in FIG. 1,
instead of directly transmitting data x received from a UE #1
101 and data y received from a UE #2 102, a relay 110
encodes the data x and y by using an eXclusive OR (XOR)
operation and thereafter transmits encoded data x@y to the
UE #1 101 and the UE #2 102. In addition, instead of
directly transmitting data w received from a UE #3 103 and
data z received from a UE #4 104, the relay 110 encodes the
data w and z by using the XOR operation and thereafter
transmits encoded data z®w to the UE #103 and the UE #4
104.

As such, when using the network coding scheme, each UE
may extract desired data on the basis of data retained in each
UE from data received from a network. For example, as
illustrated in FIG. 1, when the UE #1 101 receives the
encoded data x@®y from the relay, since the data x is
pre-known, the data y may be extracted from the encoded
data x@y on the basis of the data x.

However, since data encoded using the network coding
scheme is determined according to a scheduling scheme
used in the relay, even if the UE receives encoded data
including desired data, there may be a case where the desired
data cannot be extracted when all other pieces of data
encoded together are not known, and also there may be a
case where encoding data not including the desired data is
received. In this case, the UE needs to persistently wait until
data which is decodable with data retained in the UE and
which includes desired data is received.
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2
SUMMARY

To address the above-discussed deficiencies, it is a pri-
mary object to provide a method and apparatus in which a
User Equipment (UE) manages a packet in a system sup-
porting network coding.

Another aspect of the present disclosure is to provide a
method and apparatus in which a UE stores a received
packet in a distinctive manner in a system supporting
network coding.

Another aspect of the present disclosure is to provide a
method and apparatus in which a UE extracts an undesired
packet from a received decodable packet and stores the
extracted undesired packet into a separate buffer in a system
supporting network coding.

Another aspect of the present disclosure is to provide a
method and apparatus in which a UE classifies a received
non-decodable packet and stores the received non-decodable
packet into a separate buffer in a system supporting network
coding.

Another aspect of the present disclosure is to provide a
method and apparatus in which a UE includes an original
buffer for storing a transmitted/received packet and addi-
tionally includes a buffer for storing a Decodable but Unde-
sirable Packet (DUP) and a buffer for storing a Not decod-
able and Undesirable Packet (NUP) in a system supporting
network coding.

Another aspect of the present disclosure is to provide a
method and apparatus in which a relay transmits information
of a packet to which network coding is applied in a system
supporting the network coding.

Another aspect of the present disclosure is to provide a
method and apparatus in which a UE discards a packet
stored in a buffer on the basis of packet information received
from a relay in a system supporting network coding.

In accordance with an aspect of the present disclosure, a
method in which a UE manages a packet in a system
supporting network coding is provided. The method
includes receiving, from a relay, information on a packet to
which the network coding is applied, receiving, from the
relay, the packet to which the network coding is applied,
confirming whether a packet required for an operation of the
UE can be acquired from the received packet on the basis of
information on the packet to which the network coding is
applied, and storing packets into different buffers by distin-
guishing between the packet required for the operation of the
UE and a packet not required for the operation of the UE.

In accordance with another aspect of the present disclo-
sure, an apparatus of'a UE for managing a packet in a system
supporting network coding is provided. The apparatus
includes a receiver for receiving, from a relay, information
on a packet to which the network coding is applied and the
packet to which the network coding is applied, a controller
for confirming whether a packet required for an operation of
the UE can be acquired from the received packet on the basis
of information on the packet to which the network coding is
applied, and a memory for storing packets under the control
of the controller into different buffers by distinguishing
between the packet required for the operation of the UE and
a packet not required for the operation of the UE.

Before undertaking the DETAILED DESCRIPTION
below, it may be advantageous to set forth definitions of
certain words and phrases used throughout this patent docu-
ment: the terms “include” and “comprise,” as well as deriva-
tives thereof, mean inclusion without limitation; the term
“or,” is inclusive, meaning and/or; the phrases “associated
with” and “associated therewith,” as well as derivatives
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thereof, may mean to include, be included within, intercon-
nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like; and the term “control-
ler” means any device, system or part thereof that controls
at least one operation, such a device may be implemented in
hardware, firmware or software, or some combination of at
least two of the same. It should be noted that the function-
ality associated with any particular controller may be cen-
tralized or distributed, whether locally or remotely. Defini-
tions for certain words and phrases are provided throughout
this patent document, those of ordinary skill in the art should
understand that in many, if not most instances, such defini-
tions apply to prior, as well as future uses of such defined
words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and its advantages, reference is now made to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals repre-
sent like parts:

FIG. 1 illustrates an example of a conventional system
supporting network coding;

FIG. 2A and FIG. 2B illustrate an example in which a
User Equipment (UE) acquires a desired packet by using a
Decodable but Undesirable Packet (DUP) in a system sup-
porting network coding according to an embodiment of the
present disclosure;

FIG. 3A and FIG. 3B illustrate an example in which a UE
acquires a desired packet by using a Not decodable and
Undesirable Packet (NUP) in a system supporting network
coding according to an embodiment of the present disclo-
sure;

FIG. 4 illustrates a signal flow in a system supporting
network coding according to an embodiment of the present
disclosure;

FIG. 5 illustrates a structure of a scheduling information
packet regarding a packet to which network coding is
applied in a system supporting the network coding according
to an embodiment of the present disclosure;

FIG. 6 is a flowchart illustrating an operation of a relay in
a system supporting network coding according to an
embodiment of the present disclosure;

FIG. 7 is a flowchart illustrating an operation of a UE in
a system supporting network coding according to an
embodiment of the present disclosure;

FIG. 8 illustrates an example of operating a NUP buffer
and a DUP buffer in a system supporting network coding
according to an embodiment of the present disclosure;

FIG. 9 is a block diagram illustrating a structure of a relay
in a system supporting network coding according to an
embodiment of the present disclosure; and

FIG. 10 is a block diagram illustrating a structure of a UE
in a system supporting network coding according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

FIGS. 1 through 10, discussed below, and the various
embodiments used to describe the principles of the present
disclosure in this patent document are by way of illustration
only and should not be construed in any way to limit the
scope of the disclosure. Those skilled in the art will under-
stand that the principles of the present disclosure may be
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implemented in any suitably arranged telecommunication
technologies. Exemplary embodiments of the present dis-
closure will be described herein below with reference to the
accompanying drawings. In the following description, well-
known functions or constructions are not described in detail
since they would obscure the disclosure in unnecessary
detail. Also, the terms used herein are defined according to
the functions of the present disclosure. Thus, the terms may
vary depending on user’s or operator’s intension and usage.
That is, the terms used herein must be understood based on
the descriptions made herein.

Hereinafter, a method and apparatus in which a User
Equipment (UE) manages a packet in a system supporting
network coding will be described according to an exemplary
embodiment of the present disclosure. A relay described
hereinafter implies a relay node for performing a function of
transmitting a packet received from a node constituting a
network to another node. The relay can be a Base Station
(BS). For convenience of explanation, a packet generated by
the relay by applying a random manipulation to packets of
different UEs is hereinafter called a Network Coding (NC)
packet. Herein, the random manipulation applied to the
packets of the different UEs can be an eXclusive OR (XOR)
operation, an addition operation, a multiplication operation,
a linear operation, or a nonlinear operation. For example, if
the relay generates P1€P2¢BP3 by applying the XOR opera-
tion to a packet P1 received from a UE 1, a packet P2
received from a UE 2, and a packet P3 received from a UE
3, the generated packet P1&DP2DP3 is called an NC packet.

In the embodiment of the present disclosure, upon receiv-
ing a decodable NC packet from a relay, a UE can extract a
desired packet from the received NC packet, and can store
the extracted packet into an original buffer. Herein, the
desired packet implies a packet required for an operation
(e.g., transmission/reception) of the UE.

In addition, in the embodiment of the present disclosure,
upon receiving the decodable NC packet from the relay, the
UE can extract an undesired packet, and can store the
extracted packet into a Decodable but Undesirable Packet
(DUP) buffer additionally provided in addition to the origi-
nal buffer. Herein, the undesired packet implies a packet not
required for the operation (e.g., transmission/reception) of
the UE.

In addition, in the embodiment of the present disclosure,
upon receiving a non-decodable NC packet from the relay,
the UE can store the received NC packet into a Not decod-
able and Undesirable Packet (NUP) buffer additionally
provided in addition to the original buffer. In addition, the
non-decodable NC packet can be a packet encoded by
applying a random manipulation to desired packets and
undesired packets, or can be a packet encoded by applying
the random manipulation to the undesired packets.

FIG. 2A and FIG. 2B illustrate an example in which a UE
acquires a desired packet by using a DUP in a system
supporting network coding, according to an embodiment of
the present disclosure.

As illustrated in FIG. 2A, it is assumed a case where a UE
#1 201 retains packets P2 and P3 and requires a packet P1,
a UE #2 202 retains packets P1 and P3 and requires a packet
P2, and a UE #3 203 retains packets P1 and P2 and requires
a packet P4. In this case, a relay 210 can generate
P1DP2P3 by applying an XOR operation to the packets
P1, P2, and P3, and can broadcast the generated NC packets
P1DP2DP3. In this case, the UE #1 201 can extract the
desired packet P1 from the received NC packet on the basis
of'the retained packets P2 and P3, and can store the extracted
packet P1 into an original buffer. In addition, the UE #2 202
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can extract the desired packet P2 from the received NC
packet on the basis of the retained packets P1 and P3, and
can store the extracted packet P2 into an original buffer. On
the other hand, the UE #3 203 can extract the undesired
packet P3 from the received NC packet on the basis of the
retained packets P1 and P2. In this case, although the
undesired packet P3 is not required for the operation of the
UE #3 203 at a current time, the UE #3 203 can store the
packet P3 into a DUP buffer instead of discarding the packet.
This is because, as illustrated in FIG. 2B, if an NC packet
P1DP2BP3DP4 or P3PP4 is received from the relay 210 or
any other relays at a later time, a desired packet P4 can be
extracted from the received NC packet by using packets P1,
P2, and P3.

FIG. 3A and FIG. 3B illustrate an example in which a UE
acquires a desired packet by using an NUP in a system
supporting network coding according to an embodiment of
the present disclosure.

As illustrated in FIG. 3A, it is assumed a case where a UE
#1 301 retains packets P2 and P3 and requires a packet P1,
a UE #2 302 retains packets P1 and P3 and requires a packet
P2, and a UE #3 303 retains packets P1 and P4 and requires
a packet P3. In this case, a relay 310 can generate
P1@P2PP3 by applying an XOR operation to the packets
P1, P2, and P3, and can broadcast the generated NC packets
P1@P2DP3. In this case, the UE #1 301 can extract the
desired packet P1 from the received NC packet on the basis
of'the retained packets P2 and P3, and can store the extracted
packet P1 into an original buffer. In addition, the UE #2 302
can extract the desired packet P2 from the received NC
packet on the basis of the retained packets P1 and P3, and
can store the extracted packet P2 into an original buffer. On
the other hand, the UE #3 303 cannot decode the received
NC packet by using the retained packets P1 and P4. In this
case, the UE #3 303 can store the NC packet P1DP2DP3,
which is a non-decodable packet, into an NUP buffer instead
of discarding the packet. This is because, as illustrated in
FIG. 3B, if a packet P2 is received from the relay 310 or any
other relays or the different UE #1 301 at a later time, a
desired packet P3 can be extracted from the NC packet
P1DP2PP3 stored in the NUP buffer by using the received
packet P2 and a pre-retained packet P1.

As described above, in the present disclosure, a UE
additionally includes an NUP buffer for storing an undesired
packet and a DUP buffer for storing a non-decodable NC
packet in addition to an original buffer for storing packets
required for an operation of the UE. Therefore, a desired
packet can be acquired on the basis of the NUP buffer, the
DUP buffer, and packets received at a later time.

FIG. 4 illustrates a signal flow in a system supporting
network coding according to an embodiment of the present
disclosure.

Referring to FIG. 4, a UE 401 transmits information
related to NC capability to a relay (or a BS) 410 in step 420.
In this case, the information related to the NC capability can
include NC support status information indicating whether
the UE supports the network coding scheme and encoding/
decoding capability information indicating supported encod-
ing/decoding schemes.

In step 422, the relay 410 generates NC configuration
information on the basis of the NC capability information
received from the UE 401, and transmits the generated NC
configuration information to the UE 410, thereby establish-
ing a connection between the relay 410 and the UE 401.
Herein, the NC configuration information can include a
coding scheme and maximum buffering information. The
coding scheme can be selected from the encoding/decoding
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schemes supported by the UE, and can be any one of an
XOR operation, an addition operation, a multiplication
operation, a linear operation, and a nonlinear operation. The
maximum buffering information can indicate a maximum
time during which the UE 401 must store a corresponding
packet as to the packet transmitted by the relay 410.

In step 424, the UE 401 transmits uplink data and NC
buffer status information to the relay 410. In this case, the
NC buffer status information can include information indi-
cating a size, usage rate, and/or stored packet for each of at
least one buffer among an original buffer, a DUP buffer, and
an NUP buffer.

In step 426, the relay 410 performs link grouping and NC
scheduling on the basis of the uplink data and NC buffer
status information received from the UE 401. That is, the
relay 410 can estimate a channel state (e.g., a Channel
Quality Indicator (CQI)) for each UE on the basis of the
uplink data received from a plurality of UEs, and can
classify the plurality of UEs into a plurality of groups on the
basis of the estimated channel state. In this case, the relay
410 can determine UEs having a similar channel state into
one group. This is to improve transmission efficiency by
grouping links having a similar transmission rate. In addi-
tion, the relay 410 can generate NC packets by encoding
data packets for the UEs in each group according to a pre-set
coding scheme.

In step 428, the relay 410 generates scheduling informa-
tion for the NC packet generated for each group, and
transmits the generated scheduling information to the UE
401. In this case, as illustrated in FIG. 5, the scheduling
information can include an NC index 501, group informa-
tion 503, coded packet information 505, a coded packet size
507, and NC buffering information 509. The NC index 501
indicates whether a corresponding packet is a packet to
which the network coding is applied or a packet to which the
network coding is not applied. The group information 503
indicates a specific link group to which the UE belongs. In
addition, the coded packet information 505 can indicate
specific packets from which the NC packet is encoded, and
the size 507 of each packet can indicate a size of each packet
participating in encoding. In addition, when the UE stores a
corresponding packet into an NUP buffer or a DUP buffer,
the NC buffering information 509 can indicate a specific
period of time during which the packet is stored without
being discarded. In addition, the NC buffering information
509 can indicate whether a corresponding packet is to be
retransmitted last, that is, whether there is no more possi-
bility that the packet is retransmitted. In addition, the NC
buffering information 509 can indicate whether other UEs in
the same group successfully receive a certain packet. Herein,
a packet which is no longer transmitted can be determined
by using information indicating whether the other UEs in the
same group successfully receive the certain packet.

In step 430, the relay 401 transmits an NC packet gen-
erated for each group. Thereafter, the UE 403 stores the NC
buffer by decoding the received NC packet. In this case, the
NC buffer can include the original buffer, the DUP buffer, or
the NUP buffer. For example, if the received NC packet is
decodable on the basis of packets stored in the original
buffer or the DUP buffer, the UE 403 can decode the NC
packet to extract a desired packet or an undesired packet.
The UE 430 can store the extracted packet into the original
buffer if the desired packet is extracted, or can store the
extracted packet into the DUP packet if undesired packet is
extracted. In this case, if there is a packet extracted from NC
packets pre-stored in the DUP buffer and an NC packet
which is decodable by using the pre-stored packets, the UE
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403 can decode the NC packet to extract a desired packet or
an undesired packet. In addition, if the received NC packet
is not decodable on the basis of the packets stored in the
original buffer or the DUP buffer, the UE 430 can store the
received NC packet into the NUP buffer.

FIG. 6 is a flowchart illustrating an operation of a relay in
a system supporting network coding according to an
embodiment of the present disclosure.

Referring to FIG. 6, the relay determines a UE group on
the basis of a channel state in step 601. In this case, the relay
can determine UEs having a similar channel state to one
group among a plurality of UEs. In step 603, the relay
encodes packets to be transmitted to the UEs included in the
same group according to a pre-set scheme. For example, if
a UE 1 and a UE 2 are a first group, and a UE 3 and a UE
4 are a second group, the relay can generate an NC packet
P1P2 by encoding a packet P1 to be transmitted to the UE
1 and a packet P2 to be transmitted to the UE 2 on the basis
of a pre-set encoding scheme, and can generate an NC
packet P3&BP4 by encoding a packet P3 to be transmitted to
the UE 3 and a packet P4 to be transmitted to the UE 4 on
the basis of a pre-set encoding scheme.

The relay generates scheduling information for the
encoded NC packet in step 605, and thereafter transmits the
scheduling information in step 607. In this case, as illus-
trated in FIG. 5, the scheduling information can include the
NC index 501, the group information 503, the coded packet
information 505, the coded packet size 507, and the NC
buffering information 509.

In step 609, the relay transmits the encoded NC packet.
Thereafter, returning to step 601, the relay can repeat the
subsequent steps. In addition, according to the exemplary
embodiment, returning to step 603, the relay can repeat the
subsequent steps.

FIG. 7 is a flowchart illustrating an operation of a UE in
a system supporting network coding according to an
embodiment of the present disclosure.

Referring to FIG. 7, the UE receives a scheduling infor-
mation packet from a relay in step 701. In this case, as
illustrated in FIG. 5, the scheduling information can include
the NC index 501, the group information 503, the coded
packet information 505, the coded packet size 507, and the
NC buffering information 509.

In step 703, the UE confirms whether a downlink packet
to be received is a packet to which the network coding is
applied, on the basis of an NC index included in the
scheduling information packet. If the packet is a packet to
which the network coding is not applied, proceeding to step
705, the UE receives downlink packet data, and stores the
received packet into an original buffer.

Otherwise, if the packet is the packet to which the
network coding is applied, proceeding to step 707, the UE
determines packets not having a possibility of retransmis-
sion, on the basis of NC buffering information included in
the scheduling information packet. That is, the UE deter-
mines packets not having a possibility of retransmission at
a later time, by analyzing information indicating whether a
corresponding packet is to be retransmitted last and/or
information indicating whether other UEs in the same group
successfully receive a certain packet. Herein, the UE can
confirm packets used for encoding of a corresponding NC
packet from the coded packet information 505 included in
the scheduling information, and can determine whether each
of packets used for encoding of the NC packet has or has not
the possibility of retransmission at a later time on the basis
of NC buffering information.
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In step 709, the UE discards packets determined not to
have the possibility of retransmission. That is, when there is
a packet determined not to have the possibility of retrans-
mission is stored in an NC buffer, the UE can discard the
packet. This is because there is no possibility that the packet
is used for decoding of another packet since the packet is not
retransmitted at a later time.

The UE receives a network-coded (NC) packet in step
711, and confirms whether the received NC packet is decod-
able in step 713. In this case, the UE can confirm packets
used in encoding of the NC packet on the basis of the coded
packet information included in the scheduling information,
and can determine whether the NC packet is decodable by
comparing the packets used in the encoding of the NC
packet and packets retained in the UE. For example, the UE
can determine that the NC packet is decodable when the
remaining all packets other than specific one packet are
retained among the packets used in the encoding of the NC
packet. Otherwise, if at least two or more packets are not
retained among the packets used in the encoding of the NC
packet, the UE can determine that the NC packet is not
decodable.

If it is determined that the received NC packet is not
decodable, the UE stores the received NC packet into the
NUP buffer in step 715, and then returning to step 701, can
repeat the subsequent steps. For example, as illustrated in
FIG. 8, if a UE #3 803 retains packets P1 and P4, and
receives an NC packet P1DP2DP3 from a relay 810 when
it is desired to receive a packet P3, the UE #3 803 cannot
decode the NC packet. Therefore, the UE #3 803 can store
the received NC packet P1<BP2@DP3 into an NUP buffer.

Otherwise, if it is determined that the received NC packet
is decodable, the UE can decode the received NC packet in
step 717. In this case, the UE can use packets included in an
original buffer and/or a DUP buffer.

In step 719, the UE decodes the NC packet and examines
whether an extracted packet is a desired packet. If the
desired packet is extracted, the UE stores the extracted
packet into the original buffer in step 721. For example, as
illustrated in FIG. 8, if a UE #1 801 retains packets P2 and
P3, and receives an NC packet P1BP2DP3 from the relay
810 when it is desired to receive a packet P1, the UE #1 801
can decode the NC packet to extract the packet P1, and can
store the extracted packet P1 into the original buffer. For
another example, as illustrated in FIG. 8, if a UE #4 804
retains packets P1 and P3, and receives an NC packet
P1DP2DP3 from the relay 810 when it is desired to receive
a packet P2, the UE #4 804 can decode the NC packet to
extract the packet P2, and can store the extracted packet P2
into the original buffer.

Otherwise, if an undesired packet is extracted, the UE
stores the extracted packet into the DUP buffer in step 723.
For example, as illustrated in FIG. 8, if a UE #2 802 retains
packets P1 and P2, and receives an NC packet P1DP2DP3
from the relay 810 when it is desired to receive a packet P4,
the UE #2 802 can decode the NC packet to extract the
packet P3, and can store the extracted packet P3 into the
original buffer. However, the UE #2 802 can store the
extracted packet P3 into the DUP buffer since the packet P3
is not required at a current time. The packet stored in the
DUP buffer is a packet not required for a transmission/
reception operation of the UE at the current time. Therefore,
when the packet stored in the DUP buffer is required for the
transmission/reception operation of the UE at a later time,
the UE can store the packet into the original buffer by
moving from the DUP buffer.
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In step 725, the UE confirms whether the NC packet
stored in the NUP buffer is decodable by using the extracted
packet. In this case, the UE can confirm whether the NC
packet stored in the NUP buffer is decodable by using the
extracted packet and a packet pre-stored in the original
buffer and/or the DUP buffer. If the NC packet stored in the
NUP buffer is decodable by using the extracted packet, the
UE decodes the NC packet stored in the NUP buffer in step
727, and returning to step 719, repeats the subsequent steps.
In this case, the UE can discard the NC packet from the NUP
buffer.

Otherwise, if the NC packet stored in the NUP buffer is
not decodable by using the extracted packet, returning to
step 701, the UE can repeat the subsequent steps.

In FIG. 7 described above, packets stored in the original
buffer, the DUP buffer, and/or the NUP buffer can be
discarded on the basis of the NC buffering information
included in the scheduling information received from the
relay. That is, if each packet is stored in the NUP buffer or
the DUP buffer on the basis of the NC buffering information
included in the scheduling information, the UE can confirm
a specific period of time during which a corresponding
packet is stored without being discarded, and if the time
expires, can discard the packet from the NUP buffer or the
DUP buffer.

FIG. 9 is a block diagram illustrating a structure of a relay
in a system supporting network coding according to an
embodiment of the present disclosure.

Referring to FIG. 9, the relay includes a controller 900, a
receiver 910, and a transmitter 920.

The controller 900 controls and processes a function for
delivering to a corresponding UE a packet received from
each UE. In particular, the controller 900 includes an NC
controller 902 to control and process a function for trans-
mitting a packet received from a plurality of UEs by
applying a network coding scheme. That is, the NC con-
troller 902 determines a UE group on the basis of a channel
state for a plurality of currently accessed UEs. In this case,
the NC controller 902 can determine UEs having a similar
channel state to one group among the plurality of UEs. For
example, the NC controller 902 can determine a group for
each UE on the basis of a CQI value. The NC controller 902
controls the transmitter 920 to control and process a function
for encoding packets to be transmitted to UEs included in the
same group on the basis of a pre-set scheme. For example,
ifa UE 1 and a UE 2 are a first group, and a UE 3 and a UE
4 are a second group, the relay controls and processes a
function for generating an NC packet P1€DP2 by encoding a
packet P1 to be transmitted to the UE 1 and a packet P2 to
be transmitted to the UE 2 on the basis of a pre-set encoding
scheme and for generating an NC packet P3P4 by encod-
ing a packet P3 to be transmitted to the UE 3 and a packet
P4 to be transmitted to the UE 4 on the basis of a pre-set
encoding scheme. The NC controller 902 controls and
processes a function for generating scheduling information
for the encoded NC packet and for transmitting the sched-
uling information and the encoded NC packet. In this case,
as illustrated in FIG. 5, the scheduling information can
include the NC index 501, the group information 503, the
coded packet information 505, the coded packet size 507,
and the NC buffering information 509.

The receiver 910 receives a packet from at least one UE
and provides it to the controller 900. The receiver 910 can
estimate a channel state for each UE on the basis of a signal
received from each UE.

The transmitter 920 performs a function for generating an
NC packet under the control of the NC controller 902 and for
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transmitting the generated NC packet to at least one UE.
That is, the transmitter 920 generates the NC packet by
applying a network coding scheme to at least two packets
provided from the controller 900. Herein, the network
coding scheme can be any one of an XOR operation, an
addition operation, a multiplication operation, a linear
operation, and a nonlinear operation.

FIG. 10 is a block diagram illustrating a structure of a UE
in a system supporting network coding according to an
embodiment of the present.

Referring to FIG. 10, the UE includes a controller 1000,
a receiver 1010, a transmitter 1020, and a storage unit 1030.

The controller 1000 controls and processes an overall
operation of the UE. In particular, an NC controller 1002
controls and processes a function for processing an NC
packet received from a relay via the receiver 1020. That is,
the NC controller 1002 confirms whether a downlink packet
to be received is a packet to which the network coding is
applied, on the basis of an NC index included in a scheduling
information packet from the relay. If the downlink packet to
be received is a packet to which the network coding is not
applied, the NC controller 1002 receives corresponding
downlink packet data, and stores the received packet into an
original buffer 1031 of the storage unit. If the downlink
packet to be received is a packet to which the network
coding is applied, the NC controller 1002 determines pack-
ets not having a possibility of retransmission, on the basis of
NC buffering information included in the scheduling infor-
mation packet. That is, the NC controller 1002 uses the NC
buffering information to determine packets not having a
possibility of retransmission at a later time, by analyzing
information indicating whether a corresponding packet is to
be retransmitted last and/or information indicating whether
other UEs in the same group successfully receive a certain
packet. Herein, the NC controller 1002 can confirm packets
used for encoding of a corresponding NC packet from coded
packet information included in scheduling information, and
can determine whether each of packets used for encoding of
the NC packet has or has not a possibility of retransmission
at a later time on the basis of NC buffering information. The
NC controller 1002 can discard packets determined not to
have a possibility of retransmission. That is, when there is a
packet determined not to have the possibility of retransmis-
sion is stored in the storage unit 1030, the NC controller
1002 can discard the packet. This is because there is no
possibility that the packet is used for decoding of another
packet since the packet is not retransmitted at a later time.

The NC controller 1002 confirms whether an NC packet
received via the receiver 1010 is decodable. In this case, the
NC controller 1002 can confirm packets used in encoding of
the NC packet on the basis of coded packet information
included in the scheduling information, and can determine
whether the NC packet is decodable by comparing the
packets used in the encoding of the NC packet and packets
retained in the UE. For example, the NC controller 1002 can
determine that the NC packet is decodable when the remain-
ing all packets other than specific one packet are retained
among the packets used in the encoding of the NC packet.
Otherwise, if at least two or more packets are not retained
among the packets used in the encoding of the NC packet,
the NC controller 1002 can determine that the NC packet is
not decodable.

When it is determined that the received NC packet is not
decodable, the NC controller 1002 can store the received NC
packet into an NUP buffer 1033 of the storage unit 1030. For
example, as illustrated in FIG. 8, if the NC packet
P1DP2PP3 is received from the relay 810 when the packets
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P1 and P4 are pre-stored in the original buffer 1030 and/or
a DUP buffer 1032 of the storage unit 1030 and when it is
desired to receive the packet P3, since the NC controller
1002 cannot decode the NC packet, the received NC packet
P1DP2P3 can be stored in the NUP buffer 1033.

When it is determined that the received NC packet is
decodable, the NC controller 1002 can decode the received
NC packet. In this case, the NC controller 1002 can decode
the NC packet by using the packets included in the original
buffer 1031 and/or the DUP buffer 1032.

The NC controller 1002 can decode the NC packet and
examine whether an extracted packet is a desired packet, and
if the desired packet is extracted, can store the extracted
packet into the original buffer 1031. For example, as illus-
trated in FIG. 8, if the NC packet P1DP2DP3 is received
from the relay 810 when the packets P2 and P3 are pre-
stored in the original buffer 1031 and/or the DUP buffer
1032 of the storage unit 1030 and when it is desired to
receive the packet P1, the NC controller 1002 can control the
receiver 1010 to extract the packet P1 by decoding the NC
packet, and can store the extracted packet P1 into the
original buffer 1031. For another example, as illustrated in
FIG. 8, if the NC packet P1DP2¢DP3 is received from the
relay 810 when the packets P1 and P3 are pre-stored in the
original buffer 1031 and/or the DUP buffer 1032 of the
storage unit 1030 and when it is desired to receive the packet
P2, the NC controller 1002 can control the receiver 1010 to
extract the packet P2 by decoding the NC packet, and can
store the extracted packet P2 into the original buffer 1031.

In addition, if an undesired packet is extracted, the NC
controller 1002 can store the extracted packet into the DUP
buffer 1032. For example, as illustrated in FIG. 8, if the NC
packet P1BP2DP3 is received from the relay 810 when the
packets P1 and P2 are pre-stored in the original buffer 1031
and/or the DUP buffer 1032 of the storage unit 1030 and
when it is desired to receive the packet P4, the NC controller
1002 can control the receiver 1010 to extract the packet P3
by decoding the NC packet. In this case, since the packet P3
is not necessary at a current time, the NC controller 1002 can
store the extracted packet P3 into the DUP buffer 1032.

In addition, the NC controller 1002 confirms whether the
NC packet stored in the NUP buffer 1033 is decodable, by
using the extracted packet. In this case, the UE can confirm
whether the NC packet stored in the NUP buffer 1033 is
decodable, by using the extracted packet and a packet
pre-stored in the original buffer 1031 and/or the DUP buffer
1032. If the NC packet stored in the NUP buffer 1033 is
decodable by using the extracted packet, the NC controller
1002 can decode the NC packet stored in the NUP buffer
1033, and can discard the decoded NC packet from the NUP
buffer 1033.

In addition, the NC controller 1002 can discard packets
stored in the original buffer 1031, the DUP buffer 1032,
and/or the NUP buffer 1033 on the basis of NC buffering
information included in scheduling information received
from the relay. That is, if each packet is stored in the NUP
buffer 1033 or the DUP buffer 1032 on the basis of the NC
buffering information included in the scheduling informa-
tion, the NC controller 1002 can confirm a specific period of
time during which a corresponding packet is stored without
being discarded, and if the time expires, can discard the
packet from the NUP buffer 1033 or the DUP buffer 1032.

The receiver 1010 receives a packet from the relay and
provides the packet to the controller 1010. The receiver 1010
controls and processes a function for decoding a received
NC packet under the control of the controller 1010 accord-
ing to a network coding scheme. Herein, the network coding
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scheme can be any one of an XOR operation, an addition
operation, a multiplication operation, a linear operation, and
a nonlinear operation.

The transmitter 1020 performs a function for transmitting
a packet to a peer UE via the relay.

The storage unit 1030 stores a variety of data and pro-
grams required for an operation of the UE. In particular, the
storage unit 1030 includes the original buffer 1031, the DUP
buffer 1032, and the NUP buffer 1032. The original buffer
1031 stores a packet required for the operation of the UE.
The DUP buffer 1032 stores a packet which is not required
for the operation of the UE but which is decodable. In
addition, the NUP buffer 1033 stores a packet which is not
required for the operation of the UE and which is not
decodable. Herein, the packet stored in the DUP buffer 1032
is a packet not required for a transmission/reception opera-
tion of the UE at a current time. When the packet stored in
the DUP buffer 1032 is required for the transmission/
reception operation of the UE at a later time, the packet can
be stored in the original buffer 1031 by moving from the
DUP buffer 1032.

According to an embodiment of the present disclosure, in
a system supporting network coding, a UE stores an unde-
sired packet into a DUP buffer by extracting the undesired
packet from received decodable packets, and stores a
received non-decodable packet into an NUP buffer by clas-
sifying the received non-decodable packet, so that a desired
packet can be extracted by using another packet received at
a later time, the packet stored in the DUP buffer, and/or the
packet stored in the NUP buffer. In addition, according to the
embodiment of the present disclosure, resource utilization of
an overall system can be improved while reducing a
decrease in network efficiency when the non-decodable
packet is received.

While the present disclosure has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those skilled in the art that
various modifications and changes in form and details can be
made therein without departing from the spirit of the dis-
closure. A program instruction for performing an operation
implemented with various computers can be recorded in a
computer readable recording medium according to an exem-
plary embodiment of the present disclosure. The computer
readable recording medium can include a program instruc-
tion, a data file, a data structure, etc., in an independent or
combined manner. The program instruction can be designed
and configured particularly for the present disclosure, or can
be known and usable to those ordinarily skilled in the art.
The computer readable recording medium can be a hardware
device configured particularly to store and perform a pro-
gram instruction, for example, a hard disk, a magnetic
medium such as a floppy disc and a magnetic tape, an optical
storage medium such as a Compact Disc-ROM (CD-ROM)
or a Digital Versatile Disc (DVD), a magnetic-optic medium
such as a floptical disc, a Read Only Memory (ROM), a
Random Access Memory (RAM), a flash memory, etc. An
example of the program instruction includes not only a
machine language created by a compiler but also a high-
level language executable by a computer by using an inter-
preter or the like. When a BS or a relay described in the
present disclosure is entirely or partially implemented with
a computer program, a computer readable recording medium
which stores the computer program is also included in the
present disclosure. Therefore, the scope of the disclosure is
defined not by the detailed description of the disclosure but
by the appended claims, and all differences within the scope
will be construed as being included in the present disclosure.
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While the present disclosure has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
disclosure as defined by the appended claims.

What is claimed is:

1. A method in which a User Equipment (UE) manages a
packet in a system supporting network coding, the method
comprising:

receiving, from a relay, information on a packet to which

the network coding is applied;

receiving, from the relay, the packet to which the network

coding is applied;

confirming whether a packet required for an operation of

the UE can be acquired from the received packet on the
basis of information on the packet to which the network
coding is applied; and

storing packets into different buffers by distinguishing

between the packet required for the operation of the UE
and a packet not required for the operation of the UE.

2. The method of claim 1, wherein the information on the
packet to which the network coding is applied comprises:

at least one of an index indicating whether the network

coding is applied to the packet;

a UE group corresponding to a packet participating in the

network coding;

information indicating the packet participating in the

network coding; information indicating a size of the
packet participating in the network coding; a time for
storing each buffer of the packet;

information indicating whether the packet is to be retrans-

mitted last; and information indicating a packet which
is successfully received by UEs in the same group.

3. The method of claim 1, wherein the packet not required
for the operation of the UE includes at least one of a packet
which is decodable and is not required by the UE and a
packet which is not decodable and is not required by the UE.

4. The method of claim 3, wherein the storing of the
packets into the different buffers by distinguishing between
the packet required for the operation of the UE and the
packet not required for the operation of the UE comprises:

determining whether the received packet is decoded on

the basis of the information on the packet to which the
network coding is applied and a packet pre-stored in at
least one buffer of the UE;

if the received packet is decodable, acquiring any one of

a packet required for the operation of the UE and a
packet not required for the operation of the UE by
decoding the received packet; and

if the packet required for the operation of the UE is

acquired, storing the acquired packet into a first buffer,
and if the packet not required for the operation of the
UE is acquired, storing the acquired packet into a
second buffer.

5. The method of claim 4, further comprising, if the
received packet is not decodable, storing the received packet
into a third buffer.

6. The method of claim 5, further comprising:

confirming whether a packet pre-stored in the third buffer

is decodable on the basis of the packet stored in the first
buffer or the second buffer;

if the packet pre-stored in the third buffer is decodable,

acquiring any one of the packet required for the opera-
tion of the UE and the packet not required for the
operation of the UE by decoding the packet pre-stored
in the third buffer;

if the packet required for the operation of the UE is

acquired, storing the acquired packet into the first
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buffer, and if the packet not required for the operation

of the UE is acquired, storing the acquired packet into

the second buffer; and

discarding the decoded packet from the third buffer.

7. The method of claim 1, further comprising:

determining packets having no possibility of retransmis-
sion at a later time on the basis of the information on
the packet to which the network coding is applied; and

discarding the determining packets from at least one
buffer of the UE.

8. The method of claim 1, further comprising:

determining a time for storing each packet stored in at
least one buffer of the UE on the basis of the informa-
tion on the packet to which the network coding is
applied; and

if the time for storing the packet expires, discarding a
corresponding packet from a corresponding buffer.

9. An apparatus for managing a packet in a system

supporting network coding, the apparatus comprising:

a receiver configured to receive, from a relay, information
on a packet to which the network coding is applied and
the packet to which the network coding is applied;

a controller configured to confirm whether a packet
required for an operation of the UE can be acquired
from the received packet on the basis of information on
the packet to which the network coding is applied; and

a memory configured to store packets under the control of
the controller into different buffers by distinguishing
between the packet required for the operation of the UE
and a packet not required for the operation of the UE.

10. The apparatus of claim 9, wherein the information on
the packet to which the network coding is applied com-
prises:

at least one of an index indicating whether the network
coding is applied to the packet,

a UE group corresponding to a packet participating in the
network coding, information indicating the packet par-
ticipating in the network coding,

information indicating a size of the packet participating in
the network coding, a time for storing each buffer of the
packet, information indicating whether the packet is to
be retransmitted last, and

information indicating a packet which is successfully
received by UEs in the same group.

11. The apparatus of claim 9, wherein the packet not
required for the operation of the UE includes at least one of
a packet which is decodable and is not required by the UE
and a packet which is not decodable and is not required by
the UE.

12. The apparatus of claim 11, wherein the controller is
configured to:

determine whether the received packet is decoded on the
basis of the information on the packet to which the
network coding is applied and a packet pre-stored in at
least one buffer of the UE, and

if the received packet is decodable, acquire any one of a
packet required for the operation of the UE and a packet
not required for the operation of the UE by decoding
the received packet, and

wherein the memory comprises:

a first buffer configured to store a packet required for
the operation of the UE under the control of the
controller, and

a second buffer configured to store a packet not
required for the operation of the UE.

13. The apparatus of claim 12, wherein the memory
further includes a third buffer configured to store a received
non-decodable packet.
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14. The apparatus of claim 13, wherein the controller is
configured to:

confirm whether a packet pre-stored in the third buffer is

decodable on the basis of the packet stored in the first
buffer or the second buffer;
if the packet pre-stored in the third buffer is decodable,
acquire any one of the packet required for the operation
of the UE and the packet not required for the operation
of'the UE by decoding the packet pre-stored in the third
buffer;
if the packet required for the operation of the UE is
acquired, store the acquired packet into the first buffer;

if the packet not required for the operation of the UE is
acquired, store the acquired packet into the second
buffer, and

discard the decoded packet from the third buffer.

15. The apparatus of claim 9, wherein the controller is
configured to determine packets having no possibility of
retransmission at a later time on the basis of the information
on the packet to which the network coding is applied, and
discards the determining packets from at least one buffer of
the UE.

16. The apparatus of claim 9, wherein the controller is
configured to:

determine a time for storing each packet stored in at least

one buffer of the UE on the basis of the information on
the packet to which the network coding is applied, and

if the time for storing the packet expires, discard a

corresponding packet from a corresponding buffer.
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